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A replication of Nelson and Mitroff’s 1974 experiment in 
using computer gaming to teach “Bothsides” thinking 
was conducted in The Netherlands. Their results were 
not confirmed with regard to the attitude change of 
participants. The programmed well-defined problem did 
not trigger Bothsides thinking, and, in our opinion, does 
not fit this mode of decision-making. In addition, we 
found the list of questions for measuring the “change of 
mind” of the players neither valid nor reliable. The pro- 
visional conclusions of the research reported here are 
that (1) an ill-defined rather than a well-defined problem 
is needed, (2) the problem should be relevant and real- 
istic, (3) an analysis of the process of thinking while 
playing the game is a better measure of eventual 
changes in the mode of thinking of the participants than 
postgame pencil-and-paper attitude tests. 
Introduction 
Decision-making is still a difficult problem in spite of 
the growth and usefulness of aids such as computers, op- 
erations research techniques, and the help of social 
scientists. Well-prepared processes and sound advice are 
not followed in many cases [l-51, sometimes with obvi- 
ous consequences. No wonder that many researchers are 
working on the improvement of decision-making. The 
complexity of the problem is reflected in the complexity 
of the field of research. 
According to Churchman [l-31, Negoita [ 6 ] ,  and Nel- 
son and Mitroff [7], a fruitful approach appears to be the 
study of decision-making behavior in terms of dialectical 
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(Hegelian) thinking. To quote Churchman, “Hegelian in- 
quiry has positive effects on decision-making’’ [3, p. 651. 
Nelson and Mitroff (N&M), in taking on the problem of 
teaching this type of thinking or decision-making, created 
a computer simulation and tested it. 
Their game assumed the following: 
(1) “Oneway” people “believe that for any problem, 
there is one and only one ‘best’ way to solve it. Every 
problem can best be solved by finding and then applying 
the correct theory or method of solution. The best of 
these methods are mathematics, statistics, physics, logic, 
and so on, all of which have been shown to be true by the 
test of time. Science, likewise, by strict adherence to its 
rigorous method, usually is the best way to find answers 
for most problems. Even those problems which are ex- 
tremely complex, and for which no clear-cut solution ex- 
ists, can most always be broken down into a number of 
component parts which can then be independently solved. 
By setting out at the beginning with the goal of the ‘best’ 
solution in mind, valuable resources and time can usually 
be saved by the Oneway method.” 
(2) “Bothsides” people “realize that the same data or 
‘facts’ can mean entirely different things, depending 
upon who looks at them. They further realize that for 
each expert, theory or law advanced to solve a problem, 
there can be found or proposed an opposite. Examples of 
such problems are everywhere: abortion, birth-control, 
penal teform, etc. For Bothsides people, the best way to 
solve such a problem is to present the ‘facts’ to propo- 
nents of each radically opposing theory, and witness the 
ensuing intense debate between them. That way, many of 
the hidden presuppositions, emotions, and beliefs can be 
uncovered and used in making decisions about the prob- 
lem in question. By synthesizing the arguments of Both- 
sides, a clearer path to solution can be found.” 
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The Oneway and Bothsides positions may be summa- 
rized as follows: 
Oneway Thinking Bothsides Thinking 
1. The best way to solve 
complex problems is 
by breaking them 
down into component 
parts, each of which 
can be solved sepa- 
rately. 
2 .  There is always one 
best answer to any 
problem. 
3. The ideal answer to 
any problem is a “yes“ 
or “no.” 
4. People who have to 
look at both sides of 
an issue are more con- 
fused than people who 
take a strong stand on 
one side. 
5. People who listen to 
both sides of an issue 
are muddle-headed. 
6. Facts are either true 
or false. 
7. Well-defined assign- 
ments are more fun 
than vague ones. 
8. Good hard thinking, 
not mushy feeling, will 
solve most problems. 
9. Scientists solve prob- 
lems of science; artists 
solve problems in art; 
there is no connection 
between the two. 
10. A photograph is real, 
but a painting is only a 
subjective impression. 
11. Morals and aesthetics 
have no place in 
science. 
I .  The best way to solve 
large and complicated 
problems is by looking 
at  the whole thing, 
rather than at the 
individual parts. 
2 .  There is never just one 
best answer to any 
problem. 
3. People who think an 
important problem 
can be solved with a 
“yes” or “no” answer 
don’t understand how 
complicated things 
really are. 
both sides of an issue 
can one come to an 
understanding of 
complex problems. 
4. Only by looking at 
5. It is more fun to listen 
to two sides of an issue 
than just one. 
6. Facts can be both true 
and false. 
7. Fuzzy, intuitive as- 
signments are more 
fun than well-defined 
ones. 
8. Feeling is as impor- 
tant as thinking in 
solving problems. 
9. Sometimes a poet can 
be a better judge of a 
mathematical problem 
than can a mathe- 
matician. 
10. A painting is just as 
real and just as good a 
representation of an 
object as is a photo- 
graph . 
11. Morals and aesthetics 
are an integral part of 
science. 
2. People who are not 
experts should keep 
their noses out of 
things they are not 
qualified to discuss. 
3. Don’t change your 
method of solution in 
the middle of a 
problem. 
14. The sooner we all 
acquire similar values 
and ideals the better. 
15. Consensus is the best 
way to knowledge. 
12. All citizens should 
have an equal say in 
policy decisions 
whether they are 
scientists or not. 
13. Be open and flexible to 
alternate approaches. 
14. The sooner all diver- 
gent points of view are 
allowed the better. 
15. Divergence is the best 
way to knowledge. 
Nelson and Mitroff continue, “This brief scenario of 
the Oneway and Bothsides points of view does not claim 
to be orthogonal in all respects, nor does it claim to be 
universally descriptive of the two ‘ideal images,’ . . . 
Rather the scenario is intended to indicate the nature of 
the differences between these two points of view and to 
make evident that the Oneway and the Bothsides types 
represent two divergent world-views’’ [7,  p. 2561. 
Description of the Research 
The object of our research is the construction of an 
adequate package for training in Bothsides thinking. In 
our opinion, specific training in this mode of thinking is 
necessary because Oneway thinking (linear analytic) is 
common to our daily life and educational system and it is 
hard to change such habits. 
One possible way to change linear analytic or Oneway 
thinking is to use Lewin’s topological psychological 
frame of reference [8] as our starting point. We assume 
that thinking is a function of other variables, and we use 
a variant of Lewin’s formulation so that, for B = Both- 
sides thinking, S = Stimulus task, and T = Technologi- 
cal system, we have 
B = f ( S ,  T ) .  
The development of a special education system in 
Bothsides thinking requires answers to the following 
questions at a minimum: 
(1)  Is it possible to promote Bothsides thinking by 
using an adequate stimulus? 
( 2 )  What is an adequate stimulus in this situation? 
(3) What is the best way to structure and present the 
information during training if the “machine” part of a 
madmachine system presents the stimulus? 
This article contains our results with experiments con- 
cerning questions (1) and (2). Answers to question (3) 
can be obtained through ongoing research into human 
factors in engineering. (For the contents of this approach 
see such journals as Ergonomics, or Ergonomic Ab- 
stracts, and Applied Ergonomics. (A bibliography of 
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other literature in the field can be obtained by writing to 
Dr. H. F. Mulder, Technische Hogeschool Twente, Post- 
bus 217, Enschede, The Netherlands.) 
Description of the Methodology 
We translated Nelson and Mitroffs “Beat the Com- 
puter” game into Dutch and fitted this game to our com- 
puter and terminal system. We then translated their pre- 
and post-test semantic differential into Dutch, adminis- 
tered it to 40 students, and analyzed the results. After 
that we asked 135 other students to play the game and 
analyzed their reports on what occurred. 
Our subjects were two groups of students, 77 in 1978 
and 58 in 1979. They ranged from 20 to 24 years of age, 
and were in their second or higher year of technological 
study. All had had an Introduction to Psychology course. 
From the first group we gathered 70 useful reports on 
their way of thinking during the game. We analyzed the 
results from the first group and used them to reconstruct 
“Beat the Computer” for the second group. The second 
group produced 50 useful reports which we used for veri- 
fication of the model constructed after the analysis of the 
first group’s results. 
“Beat the Computer” is a game with choices and sanc- 
tions. It consists of 10 rounds of play, each with a ques- 
tion, a choice, and a result. In each round the subject has 
to pick a row out of a matrix that he expects will give him 
the largest payoff. The matrix is presented by a com- 
puter. When the subject has selected a row, the com- 
puter will select a column. The payoff is the value of the 
elements of the matrix determined by the selected row 
and column. In order to win the game of “Beat the Com- 
puter,’’ the subject has to collect at least 45 points. 
Before starting, the subjects were told they would need 
a strategy on which to base their choices. They were also 
told that if they had no strategy, it would be difficult to 
win. In order to help them win the game, they would 
have the opportunity to listen to two experts, both of 
whom would attempt to convince the players that their 
strategy was the best one. In the midst of the conflicting 
recommendations the subjects had to determine which 
choice would give them the best results. 
Immediately after the subjects had finished their last 
round, and lost (winning is almost impossible), a third 
party was introduced who suggested yet another strategy 
which consisted of a combination of the opposing strat- 
egies. The first two “experts” were, of course, the 
“thesis” and the “antithesis” of the arguments, while the 
third “expert” was the “synthesis.” 
The subjects were then asked to play another game to 
“illustrate the power of dialectical thinking.” The sub- 
ject who follows the strategy suggested by the third “ex- 
pert,” “Synthetic Sarah,” is certain to win, and does. 
This completed the first exercise. 
At this point, a new program called “Freud” started, 
which had as its basic purpose the emphasis of contrast 
and differences between Bothsides and Oneway think- 
ing. In an attempt to change the attitudes of the subjects 
in the direction of Bothsides thinking, Freud presented 
attitudinal items to be answered in a multiple-choice re- 
ply situation and then analyzed the reactions of the sub- 
jects. “Freud” is designed to give feedback which con- 
sists of positive reinforcement for Bothsides answers with 
negative feedback on Oneway answers. 
The subjects were then given the post-test 27-item se- 
mantic differential to discover whether their reactions 
had changed. 
In the Nelson and Mitroff paper, the results of the 
attitude change were judged to be in the direction of 
Bothsides thinking. N&M concluded that their subjects 
(1) strongly preferred the computer games over pen- 
(2) almost universally enjoyed the games, 
(3) almost universally accepted the game characters 
as “real,” 
(4) perceived strong elements of drama and excite- 
ment in the “Beat the Computer” and “Freud” 
games, 
(5) demonstrated strong emotions about, as well as 
strong cognitive interest in, the games, 
(6) differentiated strongly between the ideal types of 
Oneway and Bothsides thinking, 
(7) were able to learn the tasks and strategies involved 
quickly and easily. 
After repeating the games using the Dutch translation 
(1) The type of thinking Nelson and Mitroff called 
“Bothsides” thinking is not a form of dialectical 
thinking but is closer to alternating use of op- 
posite solutions. 
(2) Subjects with a technical background quickly dis- 
covered the mathematical key to the matrices and 
the solution of the problem posed by the game. 
They ignored the advisors in favor of their own 
strategy of “pick the row with the highest mean.” 
(3) By its construction, only the “synthetic strategy” 
given by “Sarah” could win; that is, winning was 
not based on a special way of thinking but was 
based on going along with the previously pro- 
grammed routine. 
(4) Based on the points listed above, we did not ex- 
pect a change in attitude to occur for most of our 
subjects, all technical students. 
(5) Nelson and Mitroff do not mention how they vali- 
dated their attitude tests. Our translated version 
of their test could not be validated. They suggested 
a unidimensional scale; we found three main di- 
mensions. 
(6) Nelson and Mitroff used a t-test for the evaluation 
of the attitude scores on the semantic differential. 
This is not proper methodology for two reasons: 
First, the pre- and post-tests are mutually depen- 
dent and they should not be. Second, the semantic 
cil-and-paper exercises, 
and our own equipment, we discovered the following: 
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differential uses a Likert scale, which gives ordinal 
data; a t-test requires interval data. 
Based on the above, we reconstructed “Beat the Com- 
puter. ” 
“Beat the Computer” Reconstructed 
From the original version we retained (1) the character 
of the game, (2) the matrices with their possibilities of 
choice and reward, ( 3 )  the opposing advisors, and ( 4 )  the 
synthesizing advisor, Sarah. 
In the revised version, we left out the attitude tests, 
since they were neither valid nor reliable, and the 
teaching program called “Freud.” Instead, we added 
another set of 10 matrices, giving the player the oppor- 
tunity to develop his dialectical insight. We also required 
written reports which we searched for spontaneous re- 
marks about attitudes and attitude change. 
The revised version was implemented on a DEC-I0 
computer system with hard-copy terminals. The subjects 
were alone during the experiment, with no experimenter 
present. A written manual contained all the necessary in- 
formation. 
Results of the Analysis of the Reconstructed Game 
Analysis of the players’ reports after the second group 
played “Beat the Computer” resulted in a mental model 
(Fig. 1) that fits the majority of the reports. 
steps 3-6. 
Step 3: 
Step 4:  
Step 5: 
Report Analysis Methodology 
In 12 steps, divided into three phases, two researchers, 
acting independently, analyzed the contents of the re- 
ports the subjects produced after playing the game. 
Phase I :  What is a statement? This phase required the 
development of a system to recognize statements. The 
system we developed could be called the product of inde- 
pendent human judgments compared objectively accord- 
ing to steps 1 and 2, applied recursively. 
Each evaluator identified and marked all the 
statements about attitudes and attitude 
change in five reports. 
Evaluators then compared the results of step 
1. If there was less than 80% agreement, the 
differences were discussed and reports re- 
evaluated. Five new reports were then 
marked. 
Phase 2: What are the categories to which a state- 
ment belongs? These were found by working through 
Step 1: 
Step 2: 
Group the statements of the first five reports 
into categories. 
Count and compare the results of step 3. If 
agreement is more than 809’0, continue with 
step 7. An agreement implies the same state- 
ment in the same category. 
Analyze the differences in steps 3 and 4. The 
it= instruction, questions and 
ic= x m n  choice by the computer 
text of the experts Environmental influence 
1- 
ir= row choice by the Dlayer 
im= matrix offered bv the computer 
_ - _ _ _ _ _ c _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _  -t PERSON is= score of the pla;er ie= score of the expert(s1 l 
” transformed 
inputs” 
I 
i r s is ie e m R 0 TERMINAL 
<Control> 
“WELTANSCHAUUNG” 
(VaJue system) 
(View of the World) 
T = Testing I 
Str = Strategy selection 
Ch = Choice of a row 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
- I - - -  - - - - - _ - - _ - - - - - - _ - - - - - -  I 
FIGURE 1. Mental model of the think and decision-making process. constructed after analysis of 120 reports of players. 
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category system can be improved by chang- 
ing the definition of a category into falsifi- 
able form, and/or designing another set of 
categories. 
Step 6: Take five new reports and go back to step 3 .  
Phase 3: Construct a model from the categories, by 
Step 7: Interpret the categories as process variables 
and try to give these variables some coher- 
ence in the form of “blocks” or “compo- 
nents.’’ Result: a first trial of a mental model 
of the subjects while playing the game. The 
two researchers independently make such a 
model for themselves out of the same five 
categorized reports. 
Step 8: Compare the results of step 7. If agreement 
is more than 8O%, continue with step 12. 
Step 9: Analyze the differences after step 8 and 
jointly construct a new model. 
Step 10: Independently verify the model using five 
new reports. 
Step 11: Compare results after step 10. If there is 
agreement, continue with step 12. If there is 
no agreement, go back to step 9. 
Step 12: Discuss the results. If there is no agreement 
go back to steps 9, 7, or 1. 
interpreting them in terms of process variables. 
A Model Derived from the Analysis of 
Players’ Reports 
In this model (Fig. 11, we used the following symbols: 
= Person. This means the player is a person in a tech- 
nical environment consisting of a terminal and a com- 
puter. The person receives information (input, sig- 
nals) from the terminal and responds to it [ i p ] .  Pro- 
cesses s, F, T, Str, and Ch take place within P, 
governed by his or her “Weltanschauung” or world 
view. 
= Environment. These are influences on P (noise, dis- 
ruption by other users of the terminal room, software 
limitations, etc.) which cannot be controlled by P. 
= Selector. This is a mental mechanism which selects 
from the inputs [i, i , ]  displayed on the terminal. 
Selection is based on presuppositions and assump- 
tions such as the nature of the computer program 
and/or statistical knowledge; for example, knowledge 
of chance estimations. On the basis of these selected 
inputs, the person chooses a strategy. 
= Filter. This is an operation on the inputs selected by 
the selector. Filter elements are (1) emotions (positive, 
negative, mixed); ( 3 )  aspiration level (to win, to score 
higher than the experts, etc.). 
agreement with Sarah, (3) highest row sum (or a vari- 
ation on this theme), (4) alternating choice of strat- 
egies, (5) or pure chance. 
Ch = Choice. Considering the matrix presented, P 
chooses a certain row. His choice is based on S, F, 
and Str. 
T = Testing. P tests the strategies of the experts with his 
presuppositions, assumptions, etc. 
The model seen here is a representation of a linear 
analytic process. There is no indication that Bothsides 
thinking occurred. This is illustrated by the fact that al- 
though the instructions made it clear there should be a 
process of thesis-antithesis-synthesis, only an insignifi- 
cantly small number of players mentioned the forming of 
a synthesis. On the contrary, most of the players found 
the opposing strategies suggested to be not only unreal- 
istic, but logically incorrect. Most of the players started 
with their own strategy, highest row sum. If there was a 
shift to another strategy, they chose pure chance. 
Our conclusion, therefore, was that no Bothsides 
thinking occurred, either in the original version of “Beat 
the Computer,” or in our reconstructed version. 
Discussion 
We undertook to determine if anyone had tested a hy- 
pothesis to the effect that Bothsides thinking is better 
than Oneway thinking. A search of the literature gave no 
experimental or other types of confirmation or negation 
of this hypothesis. Apparently no one has succeeded in 
even testing this hypothesis. 
Our experiments gave no basis for confirmation of the 
main conclusions reached by Nelson and Mitroff. We did 
not see the least trace of Bothsides thinking within our 
experimental conditions. We saw only linear analytic 
thinking. The problem of stimulating Bothsides thinking 
is still a problem. 
We can conclude, however, that well-defined, math- 
ematically solvable problems are not suitable for this 
type of approach. Ill-defined, realistic problems, of rele- 
vance to the society, are likely to have more success. We 
can also conclude that the use of hardware and software 
for an adequate computer game demands the use of data 
on human factors and user participation. 
Our overall conclusion was that a completely new 
game had to be developed. 
Future Research 
In our opinion, Nelson and Mitroff‘s “Beat the Com- 
puter” game is too well defined for the stimulation of 
Bothsides thinking. We are currently developing another 
game with the following qualities: (1) the problem must 
Str = Strategy selection. Modification of the information 
leads to the choice of one strategy out of the five possi- 
bilities. The five possible strategies are (1) in agree- 
ment with one of the two opposing experts, (2) in 
be realistic, which means relevant to actual social ques- 
tions; (2) if it is realistic, it will therefore be ill defined; 
( 3 )  the problem must have the potential to lead to several 
different solutions. Each solution should solve the prob- 
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lem, with the choice based on the value system of the per- 
son making the decision (his or her Weltanschauung). 
We think we have found such a project in the form of 
designing a water management system for a certain re- 
gion of the Netherlands. This is a real problem with sig- 
nificance for the whole country. In this project a com- 
puter program has been developed which calculates and 
simulates the effects of the decisions made by a commit- 
tee of the provincial administration and other partici- 
pants, such as representatives of industry, agriculture, 
housewives’ organizations, local environmental protec- 
tion groups, etc. 
We are now at the point where we are about to pro- 
gram a simulation involving three experts with differing 
opinions about the design of a reservoir. We have an en- 
vironmental expert, a financial expert, and an industrial 
representative. During the subject’s attempt to realize a 
reservoir with the help of a computerized model and 
data, two programmed advisors interrupt him. They 
make remarks on his actions, such that if he tries to cre- 
ate an “environment considerate” design, he gets the ap- 
proval of the nature expert but is blamed by the financial 
expert and industrial representative for incurring added 
expenditures with a smaller return. 
With these tools we expect to make it possible to study 
the subject’s thinking and decision-making process. Ex- 
perience with a few subjects indicates this may be the 
right direction. We hope to report on our new work in the 
near future. 
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Erratum 
Technology and Communication in the Future 
Manfred Kochen 
(Article appeared in Journal of the Aniericun Society for Itzformation Science. 32:148-157; 1981 .) 
The following corrections should be noted in order to provide a better understanding of the 
Page 148, 2nd column: Section heading should read: 
Page 149, 1st column, paragraph 4, line 3 should read: 
Page 151, 2nd column, paragraph 3, line 1 should read: 
Page 152. footnote to Table 1 should read: 
article: 
Tasks for Compurzications Technology 
numbers to a lever in its effect on how much weight a 
The treelike menu of VIEWDATA provide for tutorial 
“The numbers express the author’s judgment of relevance priorities, 1 means the need is 
a primary concern of that institution and the institution is primarily responsible for 
meeting that need. 
Page 155. 1st column, paragraph 5, line 6 should read: 
persons in midcareer retraining at the work location. 
Page 156, 2nd column, paragraph 2, line 8 should read: 
(crea)tion of a team so coordinated that emergent from the team 
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